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Methods of manufacturing electrochromic windows are
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ELECTROCHROMIC WINDOW
FABRICATION METHODS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of and claims priority to
U.S. patent application Ser. No. 12/941,882, titled “ELEC-
TROCHROMIC WINDOW FABRICATION METHODS,”
and filed on Nov. 8, 2010, which is herein incorporated by
reference.

FIELD OF INVENTION

The invention relates generally to electrochromic devices,
more particularly to electrochromic windows.

BACKGROUND

Electrochromism is a phenomenon in which a material
exhibits a reversible electrochemically-mediated change in
an optical property when placed in a different electronic state,
typically by being subjected to a voltage change. The optical
property is typically one or more of color, transmittance,
absorbance, and reflectance. One well known electrochromic
material is tungsten oxide (WO,). Tungsten oxide is a
cathodic electrochromic material in which a coloration tran-
sition, transparent to blue, occurs by electrochemical reduc-
tion.

Electrochromic materials may be incorporated into, for
example, windows for home, commercial and other uses. The
color, transmittance, absorbance, and/or reflectance of such
windows may be changed by inducing a change in the elec-
trochromic material, that is, electrochromic windows are
windows that can be darkened or lightened electronically. A
small voltage applied to an electrochromic device of the win-
dow will cause them to darken; reversing the voltage causes
them to lighten. This capability allows control of the amount
of light that passes through the windows, and presents an
opportunity for electrochromic windows to be used as
energy-saving devices.

While electrochromism was discovered in the 1960’s, elec-
trochromic devices, and particularly electrochromic win-
dows, still unfortunately suffer various problems and have not
begun to realize their full commercial potential despite many
recent advancements in electrochromic technology, appara-
tus and related methods of making and/or using electrochro-
mic devices.

SUMMARY OF INVENTION

Methods of manufacturing electrochromic windows are
described. An electrochromic (or “EC”) device is fabricated
to substantially cover a glass sheet, for example float glass,
and a cutting pattern is defined based on one or more areas in
the device from which one or more electrochromic panes are
cut. In various embodiments, the cutting pattern is defined, at
least in part, only after the electrochromic device has been
fabricated and characterized. In some cases, the cutting pat-
tern is defined after taking into account the overall quality of
the electrochromic device and/or the location of defects in the
device. For example, the electrochromic device may be
probed to determine the location of all defects or certain types
or classes of defects. The cutting pattern then excludes those
defects from usable window panes, resulting in an overall
high-quality product and a high-yield process. In another
example, the complete device sheet is inspected to determine
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the leakage current of the EC device or the resistivity of one
or both of the EC device’s electrode layers. If the leakage
current is higher than a threshold or the resistivity of a TCO
layer is higher than a threshold, the size of the electrochromic
panes is limited to ensure that the resulting windows perform
adequately in spite of the device’s high leakage or the TCO’s
high resistivity.

In certain embodiments, inspection of the glass sheet and/
or individual panes is performed at one or more points in the
fabrication process. Various optical, electrical, chemical and/
or mechanical metrology tests may be used to probe the
product, for example, after EC device formation in order to
define a cutting pattern for the glass sheet and/or after the
individual panes are cut to test the individual panes. Indi-
vidual layers of the EC device, the underlying substrate, etc.
may be inspected. Inspection may include, for example,
detection of defects in the EC device and/or edges of the glass.

One or more edge portions of the glass sheet may be
removed prior to and/or as part of the patterning process to
remove potential edge-related defects. Additionally, edges
may be modified for strength, for example, by removing
defects in the glass through mechanical and/or optical treat-
ment. Separately, defective areas throughout the electrochro-
mic device may be removed or mitigated by, for example,
localized laser heating.

Laser scribes for isolating individual electrodes of EC
devices on the individual electrochromic panes may be added
prior to or after cutting the panes. Similarly, bus bars for
delivering power to the EC device electrodes can be made
before or after cutting the panes. A technique known as edge
deletion (described below) can also be performed prior to or
after cutting the electrochromic panes from the glass sheet.

Insulated glass units (IGUs) are fabricated from the cut
electrochromic panes and optionally one or more of the panes
of the IGU are strengthened. In certain embodiments,
strengthening is accomplished by laminating glass or other
reinforcing substrate to the cut panes. In a specific embodi-
ment, the lamination is performed after the IGU is assembled.

A method of manufacturing one or more electrochromic
panes may be characterized by the following operations: (a)
fabricating an electrochromic device on a glass sheet; (b)
defining a cutting pattern for cutting the glass sheetin order to
create the one or more electrochromic panes, the cutting
pattern defined, at least in part, by characterizing the glass
sheet and/or electrochromic device by one or more physical
features (characteristics) after fabrication of the electrochro-
mic device; and (c) cutting the glass sheet according to the
cutting pattern to create the one or more electrochromic
panes. In one embodiment, characterizing the glass sheet
and/or electrochromic device includes identifying the one or
more low-defectivity areas, scribing one or more isolation
trenches near one or more edges of the glass sheet, applying
a temporary bus bar to the electrochromic device, and acti-
vating the electrochromic device in order to evaluate the
electrochromic device for defectivity. Other methods of iden-
tifying defects, including areas of non-uniformity, in the EC
device include application of polarized light to the glass pane
and the like. In one embodiment, mapping data sets are cre-
ated based on the one or more low-defectivity areas and/or
non-uniform areas on the electrochromic device and the data
sets are compared in order to maximize efficient use of the
glass sheet.

In some embodiments, electrochromic devices employ all
non-penetrating bus bars on the individual electrochromic
panes. In this way, more viewable area is available in the
electrochromic panes. The improved electrochromic panes
may be integrated in IGUs and one or more of the panes may
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contain a strengthening feature such as a laminated substrate
of glass, plastic or other suitable material.

These and other features and advantages will be described
in further detail below, with reference to the associated draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

The following detailed description can be more fully
understood when considered in conjunction with the draw-
ings in which:

FIGS. 1A-B depict process flows describing aspects of
fabrication methods of the invention.

FIGS. 2A-B are schematics depicting aspects of fabrica-
tion methods of the invention.

FIG. 3A depicts liquid resin lamination of a reinforcing
sheet to an IGU.

FIG. 3B depicts a cross section of the laminated IGU as
described in relation to FIG. 3A.

FIGS. 4A-B are cross section schematics depicting two
side views of an electrochromic device.

FIG. 4C is a schematic top view of the electrochromic
device described in relation to FIGS. 4A-B.

FIG. 5A is a cross section schematic showing the device
described in relation to FIGS. 4A-C integrated into an IGU.

FIG. 5B is a cross section schematic showing the IGU as in
FIG. 5A, where the EC pane is strengthened by lamination.

DETAILED DESCRIPTION

For window applications, it is important that electrochro-
mic panes be both strong and relatively free of defects. Con-
ventionally, glass panes are strengthened by tempering.
Unfortunately, the tempering process can introduce defects in
an electrochromic device. Hence, most efforts to produce
electrochromic windows employ a fabrication sequence of
first cutting a glass pane to size, then tempering the glass, and
finally forming the electrochromic device on the tempered
window pane. The electrochromic device is typically formed
by depositing a sequence of thin layers on one side of the
pre-cut and tempered glass pane. Unfortunately, the
described sequence of cutting and then forming the EC device
frequently gives rise to some low quality electrochromic win-
dows because modern fabrication processes often produce
one or more visible defects on an electrochromic device. Of
course, the manufacturer may refuse to tolerate low quality
devices, but rejection of low quality panes corresponds to a
reduction in yield.

As described herein, various fabrication methods can
improve yield and quality. In these methods, initially an elec-
trochromic device is fabricated to substantially cover a glass
sheet. Only later is a cutting pattern for multiple electrochro-
mic panes defined on the glass sheet. The cutting pattern may
take into account various considerations including utilization
of the sheet, defects in the EC device as fabricated, economic
demand for particular sizes and shapes of EC panes, non-
uniformity in the device and/or glass sheet, etc.

Frequently, problematic defects occur in only a very small
or limited region or regions of the glass sheet. Once identified,
these regions can be excluded when defining electrochromic
panes in the cutting pattern. In this manner, the cutting pattern
may account for high (or low) defectivity regions of the glass
sheet. While it is often desirable to probe the EC device on the
large glass sheet to identify and exclude regions of defects, it
may sometimes be appropriate to exclude certain regions
without probing the device. For example, it is sometimes
observed that defects are concentrated around the perimeter
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of'the large glass sheet. Therefore it is sometimes desirable to
exclude the perimeter region from the pattern of electrochro-
mic panes. In one example, between about 1 inches and about
10 inches around the perimeter of the glass sheet is removed
after the electrochromic device is fabricated on the glass. In
various embodiments, such perimeter regions are excluded as
a matter of course, with the exact amount of excluded perim-
eter region being based on a knowledge of the quality control
(QC) of a well-defined production fabrication process.

Scribes and/or bus bars for the individual panes are pro-
vided at some point after the cutting pattern is defined. As
mentioned, these features may be provided to individual EC
panes before and/or after the glass sheet is cut into one or
more electrochromic panes according to the pattern. The cut-
ting itself may employ a procedure that improves the strength
of the resulting cut panes. Further, as explained below, the
edges may be “finished” to mitigate problems created by
cutting. Additionally, in some embodiments, IGUs are fabri-
cated from the cut electrochromic panes and optionally one or
more of the panes of the IGU are strengthened. More details
of aspects of the invention are described below and with
respect to the Figures.

FIG. 1A depicts a process flow, 100, including a sequence
of operations for manufacturing one or more electrochromic
panes. Firsta glass sheet is received, see 110. For the purposes
of the embodiments described herein, a large glass sheet is
intended to be cut into smaller panes at a later stage of the
process. Typically, the panes are intended to be used as win-
dows, so the physical dimensions as well as the optical and
mechanical properties of the substrate should be appropriate
for the intended window application. In a typical example, the
large glass sheet employed at operation 100 is a piece of glass
of'between about 3 meters and about 6 meters in length on at
least one side. In some cases, the glass is rectangular, being
about 3 to 6 meters high and about 1.5 to 3 meters wide. Ina
specific embodiment, the glass sheet is about 2 meters wide
and about 3 meters high. In one embodiment, the glass is six
feet by ten feet. Whatever the dimensions of the glass sheet,
the EC pane fabrication equipment is designed to accommo-
date and process many such sheets, fabricating EC devices on
such sheets, one after another in succession.

Suitable glass for the glass sheet includes float glass,
Gorilla® Glass (a trade name for alkali-aluminosilicate sheet
glass available from Dow Corning, Corp. of Midland, Mich.)
and the like. One of ordinary skill in the art would recognize
that EC devices can be formed on other than glass substrates.
Methods described herein are meant to include other sub-
strates besides inorganic glass, for example, plexiglass would
also work in some instances. For the purposes of simplicity,
“glass sheet” is used from herein to encompass all types of
window substrate, unless otherwise specifically qualified.

In one embodiment, the glass sheet is float glass, optionally
coated with a transparent conducting oxide (TCO) and a
diffusion barrier layer. Examples of such glasses include con-
ductive layer coated glasses sold under the trademark TEC®
Glass by Pilkington, of Toledo, Ohio and SUNGATE® 300
and SUNGATE® 500 by PPG Industries of Pittsburgh, Pa.
The glass sheet has a size that is at least equal to the largest EC
glass pane contemplated for manufacture. TEC® Glass is a
glass coated with a fluorinated tin oxide conductive layer.
Such glass typically also has a diffusion barrier layer between
the TCO and the float glass to prevent sodium from diffusing
from the glass into the TCO. In one embodiment, the glass
sheet does not have a preformed TCO or diffusion barrier on
it, for example, in one embodiment the diffusion barrier, a first
TCO, an electrochromic stack and a second TCO are all
formed in a single apparatus under a controlled ambient envi-
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ronment (infra). The glass sheet may be heat strengthened
prior to fabrication of an electrochromic (EC) device thereon.

Next in the depicted process, an electrochromic (EC)
device is prepared on the glass sheet, see 120. In the event that
the glass sheet includes a pre-formed diffusion barrier and
TCO, then the EC device uses the TCO as one of its conduc-
tors. In the event the glass sheet is float glass without any
pre-formed coatings then typically 120 involves initially
depositing a diffusion barrier layer, then a transparent con-
ductor (typically a TCO) layer, and thereafter the remainder
of'the EC device is formed. This includes an EC stack having
an electrochromic (EC) layer, a counter electrode (CE) layer
and an ion conducting (IC) layer. After forming the EC stack,
another transparent conductor layer (typically a TCO layer) is
deposited as a second conductor (to deliver power to the EC
stack). At this point, the EC device is completed and operation
120 is concluded. One or more capping layers may also be
applied. In one example, a hermetic layer is applied to keep
moisture out of the device. In another example, a low-E
(emissivity) coating is applied.

As is understood by those of skill in the art, many different
types of electrochromic devices exist, each having its own
construction, electrode compositions, charge carrier, etc. Any
of these devices may be employed in the windows described
herein. Certain embodiments are described in relation to all
solid state and inorganic electrochromic devices. Such all
solid-state and inorganic electrochromic devices, and meth-
ods of fabricating them, are described in more detail in the
following U.S. patent applications: Ser. No. 12/645,111,
titled, “Fabrication of Low-Defectivity Electrochromic
Devices,” filed on Dec. 22, 2009 and naming Mark Kozlowski
et al. as inventors; Ser. No. 12/645,159, titled, “Electrochro-
mic Devices,” filed on Dec. 22, 2009 and naming Zhongchun
Wang et al. as inventors; Ser. Nos. 12/772,055 and 12/772,
075, each filed on Apr. 30, 2010, and Ser. Nos. 12/814,277
and 12/814,279, each filed on Jun. 11, 2010—each of the
latter four applications is entitled “Electrochromic Devices,”
each names Zhongchun Wang et al. as inventors. Each of the
above patent applications is incorporated by reference herein
for all purposes. In one embodiment, the electrochromic
device is a low-defectivity all solid state and inorganic elec-
trochromic device as described in the above applications. In
one embodiment, the EC device is manufactured on the glass
sheet in apparatus having a controlled ambient environment,
that is, an apparatus in which the layers are deposited without
leaving the apparatus and without, for example, breaking
vacuum between deposition steps, thereby reducing contami-
nants and ultimately device performance. This manufacture
may include deposition of a diffusion barrier on the glass
sheet and the EC device including both electrodes (TCO
layers).

As mentioned, inspections may be conducted internally at
various points in the fabrication flow. For example, one or
more of the TCO, EC, IC, CE layers may be inspected during
processing. Optical, electrical, chemical, or mechanical
inspections may be employed to characterize one or more
parameters of the layers. Such parameters include, for
example, optical density, sheet resistance, thickness, defec-
tivity, morphology, and the uniformity of any of these across
the glass substrate surface. Separately one or more inspec-
tions may be performed after the entire EC device is fabri-
cated on the glass sheet surface. As explained elsewhere
herein, such inspection may characterize defectivity at
regions on the surface and/or non-uniformities in the EC
device.

It would be understood by one of ordinary skill in the art
that other switchable optical devices besides electrochromic
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devices may be employed in the described process. Many
such devices are formed as layers on an underlying substrate.
Examples of suitable optical devices include various liquid
crystal devices and electrophoretic devices including rotating
element and suspended particle devices. Any of these can be
fabricated or otherwise provided on a large glass sheet and
then processed as described herein.

Referring againto FIG. 1A, once the EC device is prepared,
a cutting pattern is defined, see 130. As explained, defining a
cutting pattern after depositing the electrochromic device
affords considerable flexibility in determining which regions
of'the fabricated device are used and which are not used in the
cut panes. It also, affords flexibility in determining appropri-
ate sizes of the panes based on the overall quality of the
fabricated electrochromic device. Of course, there are a range
of'considerations that drive the cutting pattern, and only some
of'them pertain to the quality or condition of the as fabricated
device. Overall, the characteristics used in defining a pattern
of EC panes on the glass sheet may include any one or more
of the following: (1) local defectivity or other measure of
local quality (for example, a local non-uniformity in sheet
resistance), (2) demand for particular grades of product (for
example some end users specify a particular grade or quality
of EC pane), (3) demand for particular sizes and shapes of
products, (4) remake demand (caused by breakages and/or
low yield fabrication of certain types of EC panes), (5) current
inventory of EC device types on the glass sheets and/or indi-
vidual EC panes, (6) utilization of the area of the overall glass
sheet, and (7) global properties of the EC device (for example,
EC device leakage current and electrode (TCO) resistance). A
global property might dictate the appropriate size or grade of
the final EC pane(s). For example, high EC device leakage
current or high TCO resistance might indicate that the result-
ing EC panes must be relatively small (for example, not
greater than about 20 inches). Stated another way, the glass
sheets, each with a fabricated EC device thereon, are binned
based on global properties.

In some embodiments, one or more of the panes defined in
the pattern are sized and shaped for residential window appli-
cations. In some cases, one or more of the panes defined in the
pattern are sized and shaped for commercial window appli-
cations.

Based on the considerations above, defining a cutting pat-
tern for cutting the glass sheet in order to create the one or
more electrochromic panes can include characterizing one or
more physical features of the glass sheet and/or electrochro-
mic device after fabrication of the electrochromic device. In
one embodiment, characterizing the one or more physical
features include at least one of: 1) identifying one or more
low-defectivity areas on the electrochromic device, 2) iden-
tifying one or more areas of non-uniformity in the electro-
chromic device, 3) identifying one or more areas where mate-
rials used to make the electrochromic device were deposited
on the back side of the glass sheet; 4) identifying one or more
performance characteristics of the electrochromic device;
and 5) identifying one or more defects in the glass sheet.
Identifying one or more low-defectivity areas in the electro-
chromic device is described in more detail below. Non-uni-
form areas in the EC device are, for example, areas where, for
example, the coloration is not uniform due to variation in
thickness of layers of the EC device, variation in properties of
the device, for example, due to uneven heating during forma-
tion of the EC stack, and the like. Non-uniform areas thus may
be independent of the number of, for example, short related
optical defects. It may be desirable to remove these areas from
the cutting pattern or include them in the cutting pattern but
identify them as, for example, being areas from which a
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different quality of EC pane will be cut. Also, depending on
the process conditions, materials used to make the electro-
chromic device can be deposited on the back side of the glass
sheet due to overspray. This is undesirable and therefore the
presence of backside deposition is a useful characteristic of
the glass sheet after EC device formation. Areas with back-
side materials may be cleaned to remove the unwanted mate-
rial and/or these areas are excluded from the cutting pattern.
Performance characteristics of the electrochromic device are
also an important parameter for characterizing the EC device.
As described above, for example, an EC device may be used
in different ways depending on whether it falls into a certain
specification category. Identifying one or more defects in the
glass sheet is also important, for example, irrespective of the
EC device’s performance, there may be a defect in the glass
sheet, like a bubble or fissure trapped in the glass, that would
be excluded from the cutting pattern due to its undesirable
optical properties.

In a specific embodiment, the cutting pattern is defined
(operation 130 of FIG. 1A) by first detecting and mapping the
defectivity of the device across the glass sheet and then
excluding or relegating areas of high defectivity from one or
more electrochromic panes in the cutting pattern. FIG. 1B
provides an example process flow for this embodiment. First,
as depicted in block 131, the glass sheet’s device is scribed in
order to define a usable area, which is typically substantially
the entire area of the device as prepared on the glass sheet. The
scribing may serve two purposes. First it electrically isolates
the two electrodes to provide a functioning device, and sec-
ond it removes clearly defective portions of the EC stack. In
some cases, deposited EC films in edge regions of the glass
sheet exhibit roll oft and/or other imperfections, and thus
present the very real issue of short circuits. To address this
problem, the edge regions of the device are isolated or
removed. Techniques for accomplishing this include scribing
(presented in F1G. 1B), edge deleting, or simply removing the
glass sheet and associated device over some fraction of the
perimeter.

After the scribe, temporary bus bars are applied, see 132.
Then the device is activated by application of electrical
energy to color or otherwise change the optical properties of
the device so that the device can be characterized and any
defects can be detected, see 133. Then device is characterized
including identifying any defects and optionally classifying
the defects as to type and/or severity, see 134. In some
embodiments, non-uniformities in the EC device are charac-
terized at this stage as well. and taken into account when
defining the cutting pattern. In some embodiments this char-
acterization includes the glass pane as well as the EC device
on the glass pane. In some examples, the identification and/or
classification is performed by the naked eye. In other
examples, this operation is performed by an automated scan-
ning device. In one embodiment, larger short-type visual
defects are mitigated by application of electrical or optical
energy. In a specific embodiment, such defects are circum-
scribed by laser ablation to create smaller pin-hole type
defects. These mitigated defects may be included in the defect
count when identifying regions of low defectivity. In another
embodiment, this ablation or other mitigation is performed
after the panes are cut from the glass sheet.

It should be understood that activating the EC device and
scrutinizing the device is only one way to detect and identity
defects. Other methods include using diffraction, reflection,
or refraction of various forms of electromagnetic radiation
that interact with the EC device, for example, polarized light
and/or lock-in infrared (IR) thermography. Lock-in IR ther-
mography is a non-destructive and non-contacting technique
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for the spatially resolved detection of small leakage currents
in electronic materials that involves applying a temperature
source to the material (in this case the EC device) and detect-
ing leakage current induced temperature variations with, for
example, an infrared camera. Thus, embodiments include not
only activating the EC device to identify defects, but also may
include, or use in the alternative, other methods of identifying
defectivity.

As indicated, the cutting pattern defined on the glass sheet
may exclude one or more high-defectivity areas of the elec-
trochromic device provided on the glass sheet. Thus, the
fabrication sequences contemplated herein frequently
involve identifying regions of low or high defectivity prior
defining a cutting pattern. In certain embodiments, “low-
defectivity” areas are regions of the electrochromic device
with fewer than a threshold number or density of defects.
Defects may be identified and characterized in various ways.
In certain embodiments, defects are identified and/or classi-
fied as described in U.S. patents application Ser. Nos. 12/645,
111 and 12/645,159, both previously incorporated by refer-
ence.

In certain specific embodiments, only visual defects are
considered when defining a cutting pattern. Visual defects
include short-type defects that produce a halo when the
device is darkened. A halo is a region in the device where an
electrical short across the electrochromic stack causes an area
around the short to drain current into the short and therefore
the area surrounding the short is not darkened. These short
defects are conventionally treated after fabrication of the
electrochromic device, for example laser circumscribed to
isolate them and remove the halo effect, which leaves smaller
short-related pinhole defects. In a typical example, defects
visibleto the naked eye are on the order of 100 pm in diameter.
In one embodiment, for defects ofthe size regime greater than
100 um, the total number of visible defects, pinholes and
short-related pinholes created from isolating visible short-
related defects, in a low-defectivity area is less than about 0.1
defects per square centimeter, in another embodiment less
than about 0.08 defects per square centimeter, in another
embodiment less than about 0.045 defects per square centi-
meter (less than about 450 defects per square meter of elec-
trochromic pane). Smaller defects, for example defects not
visible to the naked eye (on the order of 40 um or less), may
be tolerable in higher densities in some embodiments.

The defects that are detected and optionally classified in
the glass sheet are mapped, see operation 135 of FIG. 1B. This
can be done, for example, by marking the glass to show where
the defects are located once the device is inactive, and/or by
storing the defect pattern in a memory as a map. This mapping
information is analyzed to identify one or more low-defectiv-
ity regions from which to cut the one or more EC panes, see
136. One embodiment of the depicted method defines the
cutting pattern by (a) creating a first mapping data set based
on the one or more low-defectivity areas on the electrochro-
mic device; (b) creating a second mapping data set based on
another one or more low-defectivity areas on a second elec-
trochromic device on a second glass sheet; (¢) comparing the
first and second mapping data sets; and (d) defining the cut-
ting pattern using the comparison of the first and second
mapping data sets to maximize efficient use of the glass sheet.
For example, the mapping may be used to match two com-
patible EC sheets for use in a single IGU so that defects in the
respective panes do not align. In one implementation, the first
and second mapping data sets are stored in a memory and (c)
and (d) are performed using an appropriate algorithm or other
logic. Thus, these mapping data sets and comparisons thereof
define the most efficient use of the glass sheet’s device. For
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example, mapping data for two glass sheets may indicate that
the most efficient use of the glass would be to cut the two
sheets to accommodate different customers’ specifications
due to defectivity patterns that, if not present, would other-
wise dictate cutting the sheets according to a single custom-
er’s specifications. Additionally, the logic may define panes
of varying sizes from each glass sheet in order to supply
electrochromic panes for a variety of window types and end
users, for example, by pane size, defectivity level and the like.
Once the one or more low-defectivity regions are used to
define the cutting pattern and process flow 130 ends.

FIG. 2A depicts a glass sheet, 200, for example about 3
meters by about 2 meters, or about 120 inches by 72 inches,
with an EC device (not shown separately) thereon. In this
example, in accord with process flow 100, a cutting pattern
(as indicated by the dotted lines) is defined for cutting one or
more electrochromic panes from glass sheet 200. Depending
upon, for example, the defectivity, demand or other param-
eters described above, the cutting pattern can be regular, such
as pattern 202, or irregular, such as pattern 204. Pattern 204
shows, for example, areas 2064 and 2065, which collectively
make a strip of glass that is to be discarded due to, for
example, roll off and/or higher defect levels than the rest of
the glass sheet. These perimeter areas may also be removed
because of back side contamination of EC device materials
due to overspray. From a single glass sheet, the one or more
EC panes can be of the same size, or varying size depending
on the need.

In some embodiments, prior to cutting the glass sheet,
some or all edges of the sheet may be removed. In some
embodiments about 1 to 10 inches of glass are removed
around some or all of the glass sheet’s perimeter. This edge
trimming can be done for a variety of reasons. For example,
the quality of the EC device may be inferior around the
perimeter of the glass sheet. This low quality around the
perimeter may be due to rolloff of the EC device stack, imper-
fections in the edge of the glass sheet (which can interfere
with the EC device fabrication), propagation of such edge
defects (e.g. fissures), and cathode dimensions as they relate
to the glass sheet dimensions during deposition. Also, depo-
sition of materials on the back side of the glass sheet due to
overspray may necessitate trimming the edges of the glass.
Non-uniformities in the EC device may occur due to contact
of the support pallet during processing of the EC device or
non-uniform heating near the edges of the glass. Some of
these defects can be appreciated without powering the EC
device and therefore edge trimming may be performed prior
to testing the device. Thus edge trimming may be performed
as a matter of course or as a result of, for example, performing
test runs of the EC formation and finding that the process
parameters require that edge trimming be performed post
device fabrication to remove non-uniformities and/or back
side overspray.

Referring again to FIG. 1A, after the cutting pattern is
defined for the one or more EC panes, scribes are performed
according to the needs of each individual EC pane to be cut
from the glass sheet, see 140. A more detailed description of
scribes used to fabricate individual EC panes is described
below in relation to FIGS. 3A-C. In this process flow, the
scribes are made prior to the individual EC panes being cut
from the glass sheet. This saves time and resources that would
otherwise be needed in order to scribe the individual panes,
since a wide variety of pane sizes are contemplated as arising
from the single glass sheet. In other embodiments, the scribes
are made after the glass sheet is cut into individual EC panes
(infra).
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In the depicted example, after the EC devices on the glass
sheet have been scribed, they are cut from the glass sheet
according to the cutting pattern, see 150. The cutting can be
accomplished by any suitable process. In some cases, the
cutting is accompanied by an edge finishing operation.
Mechanical cutting typically involves scoring the glass with a
hard tool, such as a diamond tip on a wheel, followed by
snapping the glass along the score line. Thus, mechanical
cutting includes “scoring” and breaking. Sometimes the term
“scoring” is referred to as “scribing” in the glass window
fabrication industry. However, to avoid confusion with other
operations described herein, use of “scribe” will be reserved
for these other operations.

Cutting can produce microcracks and internal stresses
proximate the cut. These can result in chipping or breaking of
the glass, particularly near the edges. To mitigate the prob-
lems produced by cutting, cut glass may be subject to edge
finishing, for example, by mechanical and/or laser methods.
Mechanical edge finishing typically involves grinding with,
for example, a grinding wheel containing clay, stone, dia-
mond, etc. Typically, water flows over edge during mechani-
cal edge finishing. The resulting edge surface is relatively
rounded and crack free. Laser edge finishing typically pro-
duces a flat, substantially defect free surface. For example, an
initial cut through the glass, perpendicular to the surface of
the glass, may make a substantially defect free cut. However
the right angle edges at the perimeter of the glass are suscep-
tible to breakage due to handling. In some embodiments, a
laser is used subsequently to cut off these 90 degree edges to
produce a slightly more rounded or polygonal edge.

Examples of cutting and optional edge finishing processes
include the following: (1) mechanical cutting, (2) mechanical
cutting and mechanical edge finishing, (3) laser cutting, (4)
laser cutting and mechanical edge finishing, and (5) laser
cutting and laser edge finishing.

In one embodiment, the panes are cut from the glass sheet
in a manner that actually strengthens and/or improves the
edge quality of the resulting panes. In a specific example, this
is accomplished using laser induced scoring by tension. In
this method, a gas laser, for example a CO, laser with a
wavelength of 10.6 um, is used to heat the surface of the glass
along a cut line to produce a compressive stress in the glass
along the cut line. A cooling device, for example a gas and/or
water jet, is used to quickly cool the heated line. This causes
a score to form in the glass along the cutting line. The glass is
then snapped by, for example, a conventional mechanical
breaking device along the score. Using this method, the cut
lines are extremely clean, that is, there are minimal if any
defects in the glass that can propagate and cause further
breakage due to stresses applied to the pane. In one embodi-
ment, the edges are subsequently mechanically and/or laser
finished to remove the 90 degree edges to create a more
rounded and/or polygonal edge.

Referring again to FIG. 1A, optionally, edge deletion is
carried out on the individual EC panes, see 160. Edge deletion
is part of a manufacturing process for integrating the electro-
chromic device into, for example an IGU, where edge por-
tions of the EC device, for example roll off (where layers of
the device can make contact due to non-uniformity near the
edge of for example a mask) and/or where a cut is made, are
removed prior to integration of the device into the IGU or
window. Where unmasked glass is used, removal of the coat-
ing that would otherwise extend to underneath the IGU frame
(which is undesirable for long term reliability) is removed
prior to integration into the IGU. Edge deletion is also used
when a pane is cut from the glass sheet, as the panes will have
EC material running to the edges of the pane. In one embodi-
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ment, isolation trenches are cut and the isolated portions of
the EC device on the perimeter of the panes is removed by
edge deletion. Edge deletion can be performed at any stage
post formation of the EC device in the process flows
described. The process of performing edge deletion is, in
some embodiments, a mechanical process such as a grinding
or sandblasting process. An abrasive wheel may be employed
in for grinding. In one embodiment, edge deletion is done by
laser, for example, where a laser is used to ablate EC material
from the perimeter of the pane. The process may remove all
EC layers including the underlying TCO layer or it may
remove all EC layers except this bottom TCO layer. The later
case is appropriate when the edge delete is used to provide an
exposed contact for a bus bar, which must be connected to the
bottom TCO layer. In some embodiments, a laser scribe is
used to isolate that portion of the bottom TCO that extends to
the edge of the glass from that which is connected to the bus
bar in order to avoid having a conductive path to the device
from the edge of the glass.

When edge deletion is to be used, it can be done before or
after the EC panes are cut from the glass sheet. In certain
embodiments, edge deletion may be carried out in some edge
areas prior to cutting the EC panes, and again after they are
cut. In certain embodiments, all edge deletion is performed
prior to cutting the panes. In embodiments employing “edge
deletion” prior to cutting the panes, portions of the EC device
on the glass sheet can be removed in anticipation of where the
cuts (and thus edges) of the newly formed EC panes will be.
In other words, there is no actual edge yet, only a defined area
where a cut will be made to produce an edge. Thus “edge
deletion” is meant to include removing EC device material in
areas where an edge is anticipated to exist.

Referring again to FIG. 1A, after the optional edge dele-
tion, bus bars are applied to the one or more EC panes, see
170. As with edge deletion, the addition of bus bars can be
performed after the EC panes are cut from the glass sheet or
before, but after scribing. By performing the scribe, edge
deletion and bus bar application prior to cutting the panes
from the glass sheet, the associated special handling steps for
a variety of EC pane sizes are avoided. That is, performing
various manipulations and/or component integrations before
the individual panes are cut from the glass sheet allows use of
apparatus for handling the glass sheets of uniform size for
maximum efficiency. However, in one embodiment, the glass
sheet is cut according to 150, then edge deletion is performed
according to 160, and thereafter the EC devices are scribed
according to 140. In this embodiment, edge deletion is per-
formed at the edges of the individual EC panes, and then the
scribes are applied. In another embodiment, the glass sheet is
cut according to 150, then the EC devices are scribed accord-
ing to 140, and then edge deletion is performed according to
160. One advantage of scribing and deleting post cutting is
uniformity in the edge deletion process, since only material
from the perimeter where actual cut edges (rather than from
areas where an edge is anticipated to exist post cutting) is
removed. This method may include higher quality control
since the edge of the glass can be used as a guide for the edge
deletion.

After the panes with fully assembled EC devices are com-
pleted, IGUs are manufactured using the one or more EC
panes, see 180. Typically, an IGU is formed by placing seal-
ing separator, for example, a gasket or seal (for example made
of PVB (polyvinyl butyral), PIB or other suitable elastomer)
around the perimeter of the glass sheet. In some embodi-
ments, the sealing separator includes a metal, or other rigid
material, spacer and sealant between the spacer and each
glass pane. After the panes are sealed to the spacer, a second-

10

15

20

25

30

35

40

45

50

55

60

65

12

ary seal is provided around the outer perimeter of the spacer,
for example a polymeric material that resists water and that
adds structural support to the assembly. Typically, but not
necessarily, a desiccant is included in the IGU frame or spacer
during assembly to absorb any moisture. In one embodiment,
the sealing separator surrounds the bus bars and electrical
leads to the bus bars extend through the seal. Typically, but not
necessarily, the IGU is filled with inert gas such as argon. The
completed IGU can be installed in, for example, a frame or
curtain wall and connected to a source of electricity and a
controller to operate the electrochromic window.

Referring to FIG. 2B, glass sheet 200 is cut according to a
cutting pattern derived, for example, as described herein. In
this example four (EC) panes, 208, are produced. Further, in
this example, two of panes 208 are paired and combined with
a sealing separator, 210, to form an IGU, 212. In this example,
IGU 212 has two EC panes. Typically, but not necessarily, the
panes are arranged so that EC devices face inside the IGU so
asto be protected from the ambient. Electrochromic windows
having two or more electrochromic panes are described in
U.S. patent application Ser. No. 12/851,514, filed on Aug. 5,
2010, and entitled “Multipane Electrochromic Windows,”
which is incorporated by reference herein for all purposes.
Methods described therein are particularly useful for making
one or more electrochromic panes for use in multipane elec-
trochromic windows. One advantage to such multipane elec-
trochromic windows is that the likelihood of two defects
aligning perfectly, and thus being observable to the end user,
is quite small. This advantage is accentuated when low-de-
fectivity panes are used. In embodiments where, for example,
two electrochromic panes are used in a single window, the
aforementioned (defect) mapping data sets can be used to
further ensure that defects on individual panes, when regis-
tered in an IGU, do not align. This is yet another criterion that
may be considered in patterning the glass sheet.

In certain embodiments, the glass sheet is up to 5 mm or
even up to 6 mm thick (up to ¥4 inch). In some embodiments,
one or more panes are strengthened. Referring again to FIG.
1A, optionally, one or both panes of the IGU are strengthened,
see 190. For example, in one embodiment, strengthening
includes laminating one or more of the panes of the IGU with,
for example, a thicker pane of float glass, a pane of tempered
glass, a polymeric pane such as plexiglass, Gorilla® Glass,
and the like. In another embodiment, strengthening includes
applying a polymeric coating to one or more panes of the
IGU. Examples of such polymeric coatings include ormosil
polymeric coatings (epoxy resin, an amine hardener and a
silane), sol-gel coatings, acrylic glazes, and other safety
glazes, for example commercially available glazes which
meet one or more impact test standards. Referring again to
FIG. 1A, after one or more panes of the IGU are strengthened,
process flow 100 ends.

In some embodiments, an edge bumper is employed to
protect the edges of the glass after incorporation in the IGU.
The protection allows the IGU to be safely transported from
manufacturer to installation, for example. A protective edge
bumper may be applied to IGUs with or without strengthened
panes. In one embodiment, the protective bumper is a
U-channel cap which fits over the glass edges around the
perimeter of the IGU. It may be made from an elastomeric or
plastic material. In one example, it is a vinyl cap.

Laminating an EC pane with a reinforcing substrate (or
pane) after incorporation into an IGU has many benefits. For
example, lamination after the EC pane is assembled in an IGU
protects the EC device during the lamination process and
provides ease of handing. This is particularly true if the EC
device is on an inner facing surface of the IGU, that is, in the
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interior insulating region of the IGU, because lamination
processes involve contacting the outer surfaces of the glass
panes making up the lamination structure under relatively
harsh conditions. Under such conditions, the EC device
would be damaged if it was located on the outer surface of a
lamination structure. The IGU thus protects the device during
lamination. If the EC device is located on an outer facing
surface of glass on the IGU, lamination of the EC pane would
require lamination directly onto the EC device with the rein-
forcing pane and/or the adhesive used to attach it (the lami-
nation pane). While lamination can be conducted without
damaging the EC device, this approach has some downsides.
Most notably, the IGU would be a less effective thermal
insulator because radiation is blocked only at the interior of
the IGU. Further, the exposed edges of the EC device, located
around the perimeter of the IGU, may provide an ingress
point for moisture after installation.

Many different lamination processes can be employed in
the disclosed embodiments. Examples include roll pressing
and autoclaving, vacuum bagging, and liquid resin lamina-
tion, each of which is well known in the window fabrication
industry. In one embodiment, liquid resin lamination is used
to strengthen an EC pane after it is incorporated into an IGU.

FIG. 3A schematically depicts aspects ofa process flow for
liquid resin lamination of an IGU, 300. In FIG. 3A, IGU 300
is drawn in less detail than for example IGU 212 described in
relation to FIG. 2B. In this example, IGU 300 has an EC pane
and a non-EC pane. Typically, double sided tape, 305, is
applied to a perimeter region of the EC pane. A gap, 315, is
left in the perimeter tape, for example, in a corner of the pane.
A reinforcing pane, 310, is applied to the double-sided tape,
so that a triple pane (see also FIG. 3B, in this example, the
reinforcing pane is laminated to the EC pane of the IGU, and
there is also the non-EC pane of the IGU which is not part of
the laminate) structure, 320, is formed. A liquid resin, 325, is
introduced, for example from the bottom as depicted, in the
volume formed between the EC pane and reinforcing pane
310. This can be accomplished, for example, by leaving a
small portion of the backing of the tape on when pane 310 is
applied to the tape and registered with the EC pane. A dis-
pensing nozzle, in the shape of a thin blade, is inserted in
between pane 310 and the portion of the tape with the backing
remaining. After the resin is introduced into the volume and
the blade removed, the remaining tape backing is removed so
that the only means of exit for the resin is gap 315. As
indicated by the curved and dotted heavy arrows, unit 320 is
then rotated so that the liquid resin 325 flows toward gap 315
(as indicated in the lower left diagram by the heavy dotted
arrow downward). The appropriate amount of resin is intro-
duced into the volume so that when the resin covers the entire
area between the panes and within the tape, the panes are
substantially parallel to each other. Once the volume is filled
with resin, the resin is cured, for example, via heating, a
catalyst and/or exposure to UV irradiation to form a strong
bond between the panes. In the final assembly, as depicted in
the lower right of FIG. 3A, the cured resin has the desired
optical, mechanical and other properties of the lamination.
Using liquid resin lamination imparts minimal if any stress on
the EC pane during lamination.

FIG. 3B is a cross section showing more detail of the final
assembly 320. The IGU portion, 300, includes a first pane,
301, and an EC pane, 302, which includes an EC device, 303,
thereon. Panes 301 and 302 are separated by a sealing sepa-
rator, 304, which spans the perimeter of the panes and has
seals between it and each pane. An interior space, 330, is
defined by the panes and the sealing separator. Tape 305 lies
between (and proximate to the perimeter) of the face of the
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EC pane outside of the IGU’s interior space and pane 310.
Inside the volume created between the EC pane and pane 310
is the cured resin, 325.

Because resin based lamination relies on a sheet or film of
resin sandwiched between the two glass panes to be lami-
nated, choice of resin type can impart an optical characteristic
to the window unit. In certain embodiments, the resin may
contain additives that impart a desired optical property to the
resulting laminate. Examples of such optical properties
include color, opacity, scattering and reflectivity. In a specific
example, the resin imparts a blue color. This can be particu-
larly beneficial when used with some EC devices that have a
naturally yellowish tint. The optical property can be imparted
by adding dyes, pigments, scattering particles, metallic dust,
etc. to the liquid resin prior to introduction into volume for
lamination. In certain embodiments, the blue color is
achieved as a result of a chemical reaction that takes place
after the resin is introduced into the volume between the
panes. For example, the reaction may be catalyzed by the
same energy or reagent that catalyzes the curing of the resin.
In another embodiment, the resin changes to a blue color after
curing, for example, by exposure to normal ambient lighting
and/or specific irradiation and/or heating post cure.

Particular examples of electrochromic panes are described
with reference to FIGS. 4A-C. FIG. 4A is a cross-sectional
representation of an electrochromic pane, 400, which is fab-
ricated starting with a glass sheet, 405, for example as out-
lined in process flow 100. FIG. 4B shows the cross sectional
view from another side of EC pane 400, and F1G. 4C shows a
top view of EC pane 400 (FIG. 4A is the view from the right
or left side as depicted in FIG. 4C; and FIG. 4B is the view
from the bottom side looking up as depicted in FIG. 4C). FIG.
4 A shows the individual electrochromic pane after it has been
cut from the glass sheet, edge deleted, laser scribed and bus
bars have been attached. The glass pane, 405, has a diffusion
barrier, 410, and a first transparent conducting oxide (TCO)
415 on the diffusion barrier. The TCO layer 415 is the first of
two conductive layers used to form the electrodes of the
electrochromic device fabricated on the glass sheet. In this
example, the glass sheet includes underlying glass and the
diffusion barrier layer. Thus in this example, the diffusion
barrier is formed, then the first TCO, then the EC stack, and
then the second TCO. In one embodiment, the electrochromic
device (EC stack and second TCO) is fabricated in an inte-
grated deposition system where the glass sheet does not leave
the integrated deposition system at any time during fabrica-
tion of the stack. In one embodiment, the first TCO layer is
also formed using the integrated deposition system where the
glass sheet does not leave the integrated deposition system
during deposition ofthe EC stack and the (second) TCO layer.
In one embodiment, all of the layers (diffusion barrier, first
TCO, EC stack and second TCO) are deposited in the inte-
grated deposition system where the glass sheet does not leave
the integrated deposition system during deposition.

After formation of the EC device, edge deletion and laser
scribes are performed. FIG. 4A depicts areas 440 where the
device has been removed, in this example, from a perimeter
region surrounding the laser scribe trenches, 430, 431, 432
and 433, which pass through the second TCO and the EC
stack, but not the first TCO, are made to isolate portions of the
EC device, 435, 436, 437 and 438, that were potentially
damaged during edge deletion from the operable EC device.
In one embodiment, laser scribes 430, 432, and 433 pass
through the first TCO to aide in isolation of the device (laser
scribe 431 does not pass through the first TCO, otherwise it
would cut off bus bar 2’s electrical communication with the
first TCO and thus the EC stack). The laser or lasers used for
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the laser scribes are typically, but not necessarily, pulse-type
lasers, for example diode-pumped solid state lasers. For
example, the laser scribes can be performed using a suitable
laser from IPG Photonics (of Oxford Mass.), or from Ekspla
(of Vilnius Lithuania). Scribing can also be performed
mechanically, for example, by a diamond tipped scribe. One
of ordinary skill in the art would appreciate that the laser
scribes can be performed at different depths and/or performed
in a single process whereby the laser cutting depth is varied,
or not, during a continuous path around the perimeter of the
EC device. In one embodiment, the edge deletion is per-
formed to the depth below the first TCO. In another embodi-
ment, a second laser scribe is performed to isolate a portion of
the first TCO, for example as depicted in FIGS. 4A-C, near
the edge of the glass pane from that toward the interior. In one
example this scribe is at least along the edge where bus bar 2
is applied to the first TCO, between bus bar 2 and the edge.

After laser scribing is complete, bus bars are attached.
Non-penetrating bus bar (1) is applied to the second TCO.
Non-penetrating bus bar (2) is applied to an area where the
device was not deposited (for example from a mask protect-
ing the first TCO from device deposition), in contact with the
first TCO or in this example, where edge deletion was used to
remove material down to the first TCO. In this example, both
bus bar 1 and bus bar 2 are non-penetrating bus bars. A
penetrating bus bar is one that is typically pressed into and
through the EC stack to make contact with the TCO at the
bottom of the stack. A non-penetrating bus bar is one that does
not penetrate into the EC stack layers, but rather makes elec-
trical and physical contact on the surface of a conductive
layer, for example, a TCO.

The TCO layer’s can be electrically connected using a
non-traditional bus bar, for example, screen and lithography
patterning methods. In one embodiment, electrical commu-
nication is established with the device’s transparent conduct-
ing layers via silk screening (or using another patterning
method) a conductive ink followed by heat curing or sintering
the ink. Advantages to using the above described device con-
figuration include simpler manufacturing, for example, less
laser scribing than conventional techniques which use pen-
etrating bus bars, and the fact that the EC device colors to, and
under, bus bar 1 (unlike conventional methods which cut an
isolation trench through the device when bus bar 1 is a pen-
etrating type bus bar), which provides a larger coloration area.
Penetrating bus bar’s can be used, for example in place of
non-penetrating bus bar 1, but this will sacrifice colorable
area and would necessitate a scribe through the first TCO,
prior to fabrication of the EC stack on the glass. One embodi-
ment contemplates performing this first scribe for the one or
more EC devices on the glass sheet prior to fabrication of the
EC device thereon. In such embodiments, the remainder of
the method flow, for example as described inrelation to FIGS.
1A and 1B, remains analogous.

As described above, after the bus bars are connected, the
device is integrated into an IGU, which includes, for example,
wiring the bus bars and the like. In some embodiments, one or
both of the bus bars are inside the finished IGU, however in
one embodiment one bus bar is outside the seal of the IGU and
one bus bar is inside the IGU. FIG. 5A depicts a cross section
of the EC pane as described in relation to FIGS. 4A-C inte-
grated into an IGU, 500. A spacer, 505, is used to separate EC
pane 400 from another pane, 510. The second pane 510 in this
example is a non-EC pane, however the invention is not so
limited. Pane 510 can have an EC device thereon and/or one
or more coatings such as low-E coatings and the like.
Between spacer 505 and, in this example, the first TCO of EC
device 400, is a primary seal, 515. This seal is also between
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separator 505 and the second glass pane. Around the perim-
eter of separator 505 is a secondary seal, 520 (bus bar wiring
traverses the seal for connection to controller). These seals aid
in keeping moisture out of the interior space, 515, of the IGU.

FIG. 5B depicts IGU 500 after lamination with a reinforc-
ing pane, 530. In this example a liquid resin lamination was
used, and thus, cured resin, 535, lies between the reinforcing
pane and the glass of the EC pane. Although not depicted, one
of'ordinary skill in the art would appreciate that if glass 2 also
had an EC device thereon, it could also be laminated. One
embodiment is an IGU including two EC panes separated by
an interior space, in one example both EC devices are in the
interior space of the IGU, where both EC panes are rein-
forced. In one embodiment, the EC panes are reinforced with
liquid resin lamination as described herein. In other embodi-
ments, one or both of the EC panes are reinforced or strength-
ened by applying a coating as described herein.

Although the foregoing invention has been described in
some detail to facilitate understanding, the described embodi-
ments are to be considered illustrative and not limiting. It will
be apparent to one of ordinary skill in the art that certain
changes and modifications can be practiced within the scope
of'the appended claims.

We claim:

1. A method of manufacturing an insulated glass unit
(IGU), the method comprising, in the following order:

(1) fabricating a solid-state and inorganic electrochromic

device film on a glass sheet;

(2) fabricating the IGU using the glass sheet; and then

(3) strengthening the glass sheet while in the IGU fabri-

cated in (2);
wherein the solid-state and inorganic electrochromic
device film faces the interior volume of the IGU, and
wherein strengthening the glass sheet comprises laminat-
ing the glass sheet with a reinforcing substrate or apply-
ing a polymeric coating to the glass sheet.

2. The method of claim 1, wherein (1) comprises defining
a cutting pattern for cutting the glass sheet from a larger glass
sheet coated with the solid-state and inorganic electrochro-
mic device film and cutting the larger glass sheet according to
the cutting pattern to create the glass sheet.

3. The method of claim 2, wherein the cutting pattern is
defined, at least in part, by identifying one or more low-
defectivity areas on the solid-state and inorganic electrochro-
mic device film.

4. The method of claim 1, wherein the glass sheet is heat
strengthened glass.

5. The method of claim 1, wherein the polymeric coating is
a safety glazing.

6. The method of claim 5, wherein the coating is selected
from the group consisting of an ormosil coating, a sol-gel
coating and an acrylic glaze.

7. The method of claim 1, further comprising defining a
cutting pattern for cutting two or more electrochromic panes
from the glass sheet and cutting the glass sheet according to
the cutting pattern, configured to create the two or more
electrochromic panes, and wherein the IGU is fabricated in
with at least two of the two or more electrochromic panes cut
from the glass sheet.

8. The method of claim 7, wherein (3) comprises strength-
ening both of the electrochromic panes by laminating the
electrochromic panes.

9. The method of claim 8, wherein the electrochromic
panes are laminated using a liquid resin.

10. The method of claim 9, wherein the liquid resin com-
prises a compensating optical property.

11. The method of claim 2, wherein cutting is laser cutting.
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12. The method of claim 2, wherein cutting the glass sheet
is by mechanical cutting.

13. The method of claim 1,

further comprising cutting an electrochromic device pane

from the glass sheet after (1) and before (2); and
wherein (2) comprises fabricating the IGU using the elec-
trochromic device pane cut from the glass sheet.

14. The method of claim 1, wherein laminating the glass
sheet comprises at least one of lamination with float glass,
tempered glass, plexiglass or thin flexible glass.

15. The method of claim 14, wherein the float glass, tem-
pered glass or plexiglass is thicker than the glass sheet.

16. The method of claim 1, wherein strengthening the glass
sheet comprises application of a reinforcing pane to form a
triple pane structure having a volume between the glass sheet
and the reinforcing pane.

17. The method of claim 16, further comprising introduc-
ing a resin into the volume and curing the resin.

18. The method of claim 17, wherein the resin is cured
using a catalyst or ultraviolet irradiation.

19. The method of claim 18, wherein the resin imparts a
color to the resulting laminate.

20. The method of claim 19, wherein the color is blue.

21. The method of claim 19, wherein the resin comprises a
compensating optical property.
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